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FIRTIER STUDIES OF APTTSBACTERIAL PROFERTIES OF ACORN EXTRACTS 

ABSTRACT 

Extracts of acorns from the follow5ng species of Quercus - macrocarpa, 

nigra-", v i r  giniana, and s t e l l a t a  - were tested Tor a n t i b a c - k ~ i a l  proper t i e s  * 

Extract of Q. n i g a  had the greatest  an t ibac ter ia l  properties against 

Staphylococcus ; theref ore, a l l  experiments were conduc t;ed using %his ex-t;rac t. 

Mice tolerated up to 700 milligrams of the crude ext rac t  per kilogram 

body weight when injected intraperitoneally,  and up t o  10,000 milligrams of 

the crude ext rac t  per kilogram body weight when administered o ra l ly  and. 

subcutaneously, 

The crude ext rac t  was llpurifiedtl by passing it tkough  G-75 S-phade:~~ 

Mice tolerance t o  the "purifiedH yellow f rac t ion  of the extract  was tested 

up t o  5,000 mg/kg body weight. The extract  was administered intraperitoneally,  

subcutaneously, and ora l ly  with a l l  mice surviving, The resu l t s  from mics 

protection experiments against Staphylococcus aureus, using the crude and 

purified extrracts, were perplexing i n  tha t  mice succumbed when the e x b a c t s  

were administered by a l l  routes previously non-toxic, even though 5n vivo 

the extracts  k i l led  the bacteria below the limits of the extracts  adminia- 

tered. Studies are  underway t o  deternrine why such r z su l t s  were obtained. 

Preliminary experiments were conducted i n  chickens by applying the 

ex t rac t  to  a r t i f i c i a l ,  top ica l  infections with S~phylococcus.  The extract  

protected the chickens against  infections. 

Other fractions of the ex t rac t  collected off the Sephadex column, 

par t icular ly those t h a t  showed ant ibac ter ia l  proper t ies ,  are being incor- 

porated i n  a ser ies  of investigations, 

?he species referred t o  a s  cinera i n  the body of the report  has been 
reclassif ied as nigra. - 
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INTRODUCTION 

The presence of curat ive  and antimicrob i a l  stbstarlces in planks and frhek' 

products are  widely d i s t r ibu ted  i n  the p l an t  kingdom, and knowled* of t he i r  

axi-s+;erice is generally known, However, search i s  continued f o r  new and more 

impresniue diseo-veries f o r  material of medicinal importance. (2,3,4,5,6,7,6)I 

Ovr &udy is  a p a r t  of the a r r a y  of invest.igat,ions t o  con-b-ib~te add i t i cxs l  

i-dormation t o  t h i s  aspect  of science, 

I n  a previous study, Dooley and Gibson (1) reported t h a t  an S.?% ~ - 2 r S t 2 d  

a.corn ex t r ac t  of Quercus macrocarpa protected mice aga ins t  a le.tl?sl dose of 

SBaphylococcus aureus Smith, The present study is concerned with e x p l o r i ~ g  the 

possible a n t i b a c t e r i a l  property of ex t r ac t s  of acorns of other spec:?-+s of 

Q~ercus .  The work a l s o  includes administering the e x t r a c t  o r s l l y  and SLI~CTI- 

tan2ously a s  w e l l  as i_ntraperitoneally, S b c e  t3e crude ( u n p ~ ~ ~ e d )  as m21-1 

an the pur i f ied ex t r ac t s  are  lyophilized, a more spec-Sic dosagr3 2x1 bo zdminis- 

t;ered, 

The procedure d i f f e r s  from t h a t  used i n  the previous study i n  tha -t; the mice 

a r e  M e c t e d  before the ex t r ac t  is administered t o  ascer ta in  i t s  protec-tivs 

a b i l i t y  aga ins t  inoculated l e t h a l  doses of Staphylococcus . Some of Yne exper i- 

ments w i l l  r epea t  the procedure of the previous study by administering tl13 

ex t r ac t  before inoculating the  mice wi th  l e t h a l  doses of Staphy~ococcus. 

Chemical and physical  propert ies of the  d i f f e r e n t  f rac t ions  coLlected off the 

Sephadex c o l ~ m ,  a s  w e l l  a s  t he i r  a n t i b a c t e r i a l  propert ies,  dl1 be s-3;diede 

Preliminary studieies were i n i t i a t e d  t o  determine if  p ro tec t icn  can be 

es tabl ished by l o c a l  appl icat ions  of the ex t r ac t  t o  experimental t op i ca l  

infection.  



The meaty portion of cco-rns frolr four species of Quercu,: (oaks), Q O  macro- 

carpa, Q, virginiana, &, s t s l l a t a ,  ard Q. cinera, was blensed in distil'-eed, 

c"eminera1ized m t e r  t o  make an 18% solution. The resu l t ing  rnixture f i l t e r e d  

t7-rough Whatman f i l t e r  paper #1, and the f i l t r a t e  was paper-disc tes ted f cr 

8:" hibacterial  property, This w i l l  be referred t o  a s  the crude (unpurif 53d) 

c Q, cinera displayed greater b a c t e r i a l  i i lhibit ion tlmn any of th3 

s>ocies, and it i s  current ly  being used i n  a se r ies  of experiment?, 

A considerable supply of Q, cf-nera acorns was blended and lyophilized, 

The lyophilized mater ia l  was paper-disc tes ted f o r  an t ibac t e r i a l  act ivi ty- ,  and 

the remaining supply was stored in air- t ight ,  amber-colored bot3les a t  4% f o r  

fur ther  use. 

Idice tolerance t o  the crude (unpurified) extrac t was conducted by adminls- 

t e r  ing d i f fe ren t  concentirati Ins orally,  subcutaneously, and i.ntsaperi-LoneallyO 

Fennie, ICR Swiss s t r a i n  mice, 18-22 grams, were used i n  a l l  experiments 

This was followed by conducting nrice protection t e s t s  with different, 

concentrations of the crude ex t rac t  through the d i f fe ren t  rontes of adfinis-  

Gra-Lion. 

An 18% solut ion of lyophilized, crude ex t r ac t  ms made up i n  a buffered 

solut ion and passed through (3-75 Sephadex in  a chrornatogaphic co111~ .  T:ie 

foJ.lowing fract ions  were collected a f t e r  voiding the buffer  i n  which the 

Ssphadex was prepared: (1) milky white, (2)  c lear ,  (3) lemon yellow, (4) 

yelluwish-bromm, and ( 5 )  purple, 

The d i f fe ren t  f ract ions  were paper-disc tested f o r  ar,%i'oactesial proper-t.y, 

and the remains of each were lyophilized and stored i n  a i r - t ight ,  amber-cojored 

:;cttles a t  ~ O C  f o r  fur ther  use, 
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Because of i ts  e f f  ectyrene s s  i n  bringing about -h~'r~-it;ition of bac t e r i a l  

growth, the lemon yellow Traction (puri f ied ex t rac t )  mas selected t o  conduce 

the f i r s t  se r ies  of t e s t s :  (1) Bacter ic idal  t e s t ,  and ( 2 )  Mice tolerance t e s t  

where the ex t rac t  nas administered orally,  subcutaneously, and intsaper i toneal lye 

After es tabl ishing nice tolerance, a mouse protection Lest was conducted 

by in jez t ing  mice with l e t h a l  doses of Staphylococcus t o  determine if addn i s -  

baa t ion  of the ex t r ac t  by different routes would give the mice protection, 

pH of the csude ex t rac t  and different  f rac t ions  of the puri f ied material  

vJ&a taken, Since the yellow f rac t ion  was on the acid side, it and t lw crude 

ex t rac t  were adjusted t o  a pH of 7 and re tes ted  f o r  bac te r ic ida l  ac t iv i ty ,  

tolerance by mice, and nouse protection, 

An 18% solut ion of the yellovr f rac t ion  was dialyzed and adjusted t o  a pH of 

7 .  It was paper-disc tested f o r  an t ibac t e r i a l  property and used i n  mouse 

protection experiments. 

Pre liminary top ica l  infect ion experiments mere conducted using s ix-wee k -  

OX White Leghorn chickens, 1 2  chickens were divided in to  four  groups of three 

each, and the feathers were plucked from the right; thigh, The plucked areas of 

%-bee groups were cleaned with alcohol and scar i f ied  ovrith sandpaper; khese areas 

we?e then swabbed with an 18-hour culture of Staphy1ococcu.s. One group was 

painted with an 18% solut ion of purified,  yellow ex-tract as soon a s  the cul.ture 

was dry; another group was painted 30 minutes a f t e r  drying, and the th i rd  g o u p  

m.s not painted w2Gh the extract .  

The painted groups were repainted d a i l y  f o r  six days, A l l  groups vrere 

examined da i ly  t o  check f o r  development of an infection. A t  the end of the 

s k % h  day, blood vms d r a m  t o  determine coagulation time and white blood c e l l  

count , 



Unpurif i ed  ex-t;-ac ts , bc th  lyophil ized and unl-ypphilized, of a? or ns of a l l  

species, showed a n t i b a c t e r i a l  ac t ion  when paper-disc t es ted ,  The ex t r ac t  of 

Q B  cinera showed the  greates t  amount of inh ib i t ion  a s  compared wi th  other species 

of Q ~ e r c u s  . The ex t r ac t s  were more effect ive  a  gains t Staphylococcus t k ~ n  a ga'ins t 

2 -  COTE and B, s u b t i l i s .    able I) Since Q. cinera ex t r ac t  shomred the gea t e r . t  

cll-nount of inhibi t ion,  a l l  experiments were l imited t o  t h i s  ex t rac t ,  

The lyophilized, crude ex t r ac t  was used t o  test i ts  t o x i c i t y  on mics, or, 

v XULL, 3 1.udy4 we may say, t o  t e s t  the  tolerance of mice t o  the ex t r ac t ,  I n  a p r ~ ~ - ' -  ? -  

t.he unpurif ied ex t r ac t  of Q, macrocarpa was toxic  when more thax 2.2 ml o+' an 

18% solu'cion was in jected in t raper i tonea l ly  (I). However, the mice could 

to le ra te  dosage of the &, cinera ex t rac t  up t o  700 mg per kiloptzm boCy nreight, 

Then the ex t r ac t  orras a d d n i s  tered o r a l l y  and su5cutaneous'ly, the toLeyance VES 

mxch g e a t e r ,  ('Table 11) 

A cul ture  of Staphylococcus aureus Smith was prepared t o  conduct nouse 

pyotection experiments using the ex t rac t  administered by d i f f e r en t  routes. An 

cvern2ght broth  cul ture  was di lu ted 1:10, l : l C O ,  1:1,000, and l : l O , O O O  and 

injec-ted in t raper i tonea l ly  i n to  mice. Dilutions of 1: 10 and 1: 100 k i l l ed  the 

mice within a  period of 24 hours; mice survived d i lu t ions  above the 1-:loo. 

 able ID) 

f i c e  were in jected in t raper i tonea l ly  with .5' m l  of the 1:10 d i l u t i on  of 

bacter ia  one hour p r io r  t o  administering the crude extrac-t by the  d i f f e r an t  

Toutes. (Table IY) In  a l l  cases, the  mice miere k i l l ed .  

Each f r ac t i on  col lected o f f  the Sephaclex column was paper-disc t es ted  f o r  

b a c t e r i a l  inhibit ion.  The yellow ( re fe r red  t o  a s  the  pure f r ac t i on )  and the 



yellowish-brown f rac t ion  showed great antibac"cerir;l actEoll wheyeas the other 

f ~ a c t i o n s  showed no e f fec t ,   a able V) 

A bac te r ic ida l  t e s t  was run  on the 18% plr:.fied ex t rac t .  ( ~ a b ~ e  m) This 

f rac t ion  showed exceedingly great  an t ibac t e r i a l  act ion.  

Mouse protection t e s t  was conducted with tll3 purified ex-bract US i - g  the 

same procedwe follov~ed i n  using the crude ex t r ac t ,  I n  this case, ho~mv ' r ,  t;'e 

inocclant mas injected 30 minutes pr ior  t o  administering the extrnct .  @able m) 

I n  each case - in t raper i toneal ly ,  subcutaneous3y, and o ra l ly  - the mice died. 

The purified,  yellow ex t r ac t  was injected 2-ntsaperi2;oneally UP ->c 5,000 

rng/kg body weight t o  see if the ex t rac t  mere responsible f o r  death, E c e  were 

a l so  injected with the buffer used in making up the Sephadex. I n  neither case 

was there any mortality.  a able VIII) 

Chickens f a i l e d  to  develop carbuncles and infections mhere the scar i f ied,  

bacteria-swabbed area was painted with the 18% ext rac t ,  The unpainted, 

lxicteria-swabbed areas showed carbuncles indicat ing the development of an 

infection.  

The white blood c e l l  covnt of the chickens was normal where the areas were 

painted with the ex t rac t ;  blood of those not  t reated showed an elevated white 

c e l l  count, 

Blood from the t reated chickens coagulated within the expected time, The 

blood of untreated chickens f a i l ed  t o  coagulate u n t i l  it had been i n  the 

.-?f r igerator  f o r  some time, 



DISC '33 I ON 

A s  s ta ted  i n  the abstract,  the species of Quercus arhose acorns mere used 

exclusively i n  this study and previously ident i f ied as cinera i n  t h i s  repor t  

was rec lass i f ied  as  n i g a  consequently, t h i s  new c lass i f ica t ion  should be ' 
substituted whenever cinera is used. 

The ant ibac ter ia l  property of the l iquid,  crude extract  l o s t  none of i ts  

p ~ w e r  when Pyophilized, Lyophilizing the extract ,  hov~ever, permitted a more 

exact pepai-ation of concentrations t o  be used and was adhered to  in making a11 

solutions used throughout the experiments. 

18% solutions were made from the freeze dried material. The ant ibac ter ia l  

property of the extract  was more effect ive against Staphylccoccus than against 

E . c o U  and B , s u b t i l i s   able I) . The a b i l i t y  of the mice t o  to le ra te  1ar ge 

quant i t ies  of the crude ext rac t  by jntraperitoneal injections and by the other 

routes were gratifying (Table 11). Tests  with a predous species of acorn had 

afforded protection f o r  the nice against l e t h a l  doses of bacteria,  and we hoped 

t h a t  the crude extract  would give the same type of reaction. 

The reasen f o r  experimenting with larger concentrations of the extract  was 

t o  determine tho la rges t  amount of the ex t rac t  t h a t  the mice could tolerate ,  

Rather than t o  proceed i n  an orderly, mathematical progression with the extrYact 

a f t e r  reaching the 300 mg/kg body weight tolerance, we s ta r ted  with the higher 

concentrations and proceeded downward. We found tha t  mice could tolerate  

500 mg/kg body weight when the extract  wag administered inwaperitoneslly,  and 

up to  7,500 mg/kg body weight when administered by other routes. A t  the 700 

mg/kg body weight, the mice survived; however, there were side a f f ec t s  . 
In  a previeus study where acorns of Q. macrocarpa were used as  the source 

of the extract,  mice could net to le ra te  more than .I mi of an 18% solution (1), 



From t h i s  and o t l ~ s r  s-bildies, it a-x;.>ars 313.t there is a d3ferenzce i n  anti-  

bac ter ia l  p r ~ p e r t z s s  and toxrici-b~~ of ar;s2ns cf c2f f?cren^u spocias of Qusrcus . 
VIth tolerance of %k;% mice t o  the crude extspact eot~bXished, movse 

poteeXion experiacnbs were s e t  up. The mice were in;jected ~.tj;-apcrl%cn3311y 

4 .r;:kh .5 mZ or" a SO co?lcen.tsa-tion of Staphylococcus aweus, Smith StTaa ,  cne 

now hsi"?re a a n f s t e r i n g  the exWac%  able JY). The strength of the oxbract 

~ds~Ir&s-Lered wa2 greater than the amount it  took t o  k i l l  compara%ivc: 1 ~ ~ 6 2 3 ~  cf 

. I>? .la *.Q - 16-Lro, Regardless of the route by whlch the extract  was adiminis- 

Le~ac?.~ mortalLty occurred in each case. From previous experiments ?am v~are aware 

02 -Zz  presence of the toxic e l emnt  i n  the crude ex-bract; hca-ever, no ciinrsL- 

natsd t h b  a s  the probable cause because the ex t rac t  i n  the  absence of %h3 

inocultlim was tolerated. It was a l so  f e l t  tha t  the quantity of the exbrae% 

sl~ould plnotect the mice against  bac te r i a l  e f f ec t  because of its antlbactarial 

ac :ion i n  v i t r o .  

We llpurifiedn the crude ex-bract by passing it though  a G-75 Sephadex 

column. The fract ions showing ant ibac ter ia l  property were the yellow (third 

fraction) and the yellowish-brown (f aurth fraction?) . 
From a previous study, the f i r s t  colored fract ion mas not only found Lo 

be highly ant ibacter tal ,  but also non-toxic to d c e  (1). We tested the toxici ty  

of the yellow fract ion t o  mice and found it t o  be non-toxic; vrs used t M s  

fract ion i n  the mouse protection t e s t s  and found tha t  mortality was very high. 

@able VTI). In th i s  case, however, we administered the extract  30 minutes 

a f t e r  inject ing a lo6 concentration of the Smith S t ra in  of Staphylococcus 

intxaperitoneeally. Using high dosage of the extract  fa i led  t o  prevent mortality 

mong the mice. 

The k i l l b g  power of the  purs ied  extract  vas observed i n  the Bac"i;erlcfdal 

tes t .  Since the amounts administered t o  the mice were in excess of the amount 



needed t o  k i l l  the b:t:'-u.3S.a I'-r, .LL --c 69  seen i n  the R:*ctericidal t e s t ,  i-t mas 

f e l t  t h a t  protectLen ,-houic? >.:,:,~e been ac'ilfe,rs~- ~1,"3~ cAe -rec;,nits, howeyer, did 

not support our anticipa-Llm, 

aecause of r e su l t s  t ha t  are obtained i n  another study, me reversed the 

prbzscure by administering the purif ied jrellov~ ex t r ac t  before i n j ec t i ng  the 

inoculi.;;? of bacter ia .  The dosage ranged from 100 mg/kg body weight t o  5,000 

mg/k 2ciy weight l )  The r e su l t s  were the  same ; however, 5,000 mg/k;,.  sod:^ T -  Ight 

ci" t,:;'ns extract  was administered alone without morta l i ty  t o  nice. 

A sample of the  y e l l m ~  f r ac t i on  was adjusted t o  a pH 7, and a second. sample 

was dialyzed and adjusted t o  a pH 7; both were used i n  a mouse protection 9xperi- 

ment aga ins t  Staphylococcus along with  appropriate ccntro: -. , These mice Zid not  

die.  'Ye found the  b a c t e r i a l  inoculum %as ineffect ive  ; ho newr , Ohis e:periment 

eliminated the pos s ib i l i t y  t ha t  death i n  the other mouse protect ion experiments 

was due t o  the  acid  condit ion of the ex t rac t .  This was a l so  supported by the 

f a c t  t h a t  in the tolerance experiments where the  ex t r ac t s  alone were administered 

which were on the acid side of pE, there was no morta l i ty  among the mice, even 

when up t o  500 mg/kg body weight of the unpurified ex t rac t  and up t o  700 mg/kg 

body w i g h t  of pur i f ied ex t r ac t  were administered in t raper i toneal ly ,  and up t o  

7,500 mg/kg body weight b y  other routes. 

There is apparently some t-yp of react ion taking place between the b a c t e r i a l  

inoculum, the ex t rac t ,  and body t i s sue  t h a t  does no t  occur when the ex t r ac t  i s  

administered alone, It could be t h a t  the  body t i s sue  i s  inac t iva t ing  the 

ex t rac t .  It i s  believed t h a t  the ex t r ac t  administered was su f f i c i en t l y  s t rong 

t o  give protection because smaller quan t i t i es  of the ex t rac t  were e f fec t ive  i n  

v i t r o  t o  k i l l  the bacter ia .  

There a r e  other s teps  t h a t  vre hope t o  pursue t o  f i nd  out  why w obtained 

these unexpected r e su l t s .  We would l i ke  to: (1) fur ther  purify the ex t rac t  by 



using a d i f f e r en t  fineness of Sephadex; ( 2 )  t r y  the ather f r ac t i on  n f  %he ex t r ac t  

secured from the Sephadex co lum t h a t  was act ive  q o n  bacteria; (3) use another 

s t r a i n  of mTce; (4) vary the concentration of the ac t ive  ex t r ac t s ;  ( 5 )  use other 

vethods of purifying the ac t ive  f r ac t i on  off  the  Sephadex column; and ( 6 )  use 

a rriore recent s t r a i n  of Staphylococcus . 
P:*elirninarg experiments t e s t i ng  the a b i l i t y  of the pur i f ied ex t r ac t  t o  

prsve- . a  t op i ca l  in fec t ion  vas encouragtng. An 18% conccntsation of aqueous, 

purificd ex t r ac t  did appear t o  prevent t he  development of an in fec t icn  under the 

experimental conditions used, The absence of carbuncles and the  presence of 

normal v~hi te  blocd c e l l  counts of t rea ted  chicks i n  contras t  t o  the  presence of 

carbuncles and an elevated white blood c e l l  count i n  the untreated chicks 

showed the effectiveness of the exteact ,  The blood of untreated chicks did not 

cn3 gulate u n t i l  a f t e r  re f r igera t ion  the blood of t rea ted  chicks coagulated 

2% room temperature soon a f t e r  i t s  ~firithdravral. 

. - 
The r e su l t s  indicate  t h a t  fu r ther  study is  needed, and plans and experiments 

a re  being designed t o  gather a d d i t i o n a l  data. 



T A B L E  I - 
THE: EFFECT OF AN UNPURIFIED EXTMCT 

OM DIFFER.ENT GEIJERA OF RACTEIUA 

NAIVE OF OAK 
+ I Q. macrocarpa 

--- 

I I 



T A B L E  

DOSAGE IP PO SUB-$ 

IP - Intraperitoneally; PO - Orally; STJB-Q - Subcu.taneous1y 



T A B L E  I11 

IN,?LK'..:t?".'ST (2b hys3, ) OF ZTAP;jPLjf ?>Cr;lJS 

--- 

Dilution 3 (1 - 1,000) 0/3 

T A B L E  IJ 

NOUSE -?ROTECTION TEST 

Crude Extract ,  G3e Hour After  I ~ o c u l a t i o n  

- 
DOSAGE IP PO SUB4 

- ,  - 
IP - Int raper i toneal ly;  PO - Oral-13.; SUB-Q - Sv.bcutaneoasly 

Iflice in jected with inoculant  on127 showed 5'/5 no-+.~li.2,2- 
Mice injected with buffer only sh~nre6. no mortall2;r 



---- ---- --- 
FRAC?I2?J FII STAPH. AUREUS E.  C O L I  P ,  %UBTILiS 

-1- - 
I__---." -- - - -- -- -- ---- ---- ------ '--*---I----- * ----.--,-- ̂_ 

14.2 $.*T 7r::j.te 7.1 - 
----Y__ 

C; l ear  6 ,9 - - 
-- -- 
Ye n o w  5.5 +##I - - 
T- ,-, 

- 
-LC LL > ?lish-brown 6.95 #### - - 

Purple 7.1 - _ _  - 



TABLE V I  - BACTERICIDAL %ST 

Tes t j n g  kr .;k , : terrial Substance l.n Pu:Si$d Acxn SxtracL 
(OverlllTiit C77: '-.-rc of S m i t \  I;.Sfuse DiJ.xtsc? '2511--f o ld )  

rP - 5  AcornEx-tract, 18% BH I 
- - 4 

Culture Dil. 3uffsr Growkh, - - --- 18 Xrs. 

1 0.3 ml 0.1 ml 0.1 r n l  10' (2-1 --- ---- ?-; 
.A - 



T A B  L E  l;?I 

- 
DOSA CT3 I F  PO F 73-4) 

- - - -  
7 

IP - Int raper i toneal ly;  PO - Orally; S U B 4  - Subcutaneously 

E.ce in jected with inoculant  showed 4 of 5; vere k i l l ed  
%ice i3 jected wi th  5,000 mdkg of ex.bact  only showed no mor ta l i ty  
Ifice in jected with buf fe r  showed no mor ta l i ty  

T A B L E  VIII 

TOIER4NCE OF 1dIICE TO PUlEFISD EXTPSICT, WATER AND BWFER 

MATERIAL A!dOUNT INJECTED PH DEATH 

Ext rac t  .5 ml 4 as 0/3 
9% Solution 

Ext rac t  .5 m l  5.0 
4.5% Golution 0/3 

Extract  .5 m l  
2,25% Solution 

5.1 0/3 

Demineralized .5 ml 6.3 
Water 

0/3 

D i s t i l l ed  lira t e r  .5 r n l  7 . 0 0/3 

Buffer .5 m l  7.c 0/3 
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